Objectives: The purpose of this study was to assess preferred learning styles and determine their association with the academic performance of undergraduate medical students in various medical colleges in Pakistan. Participants and Methods: A cross-sectional study of 597 medical students from six medical colleges (~100 from each college) was performed. The validated VARK questionnaire version 7.0 was used to categorize the learning styles of students. The questionnaire consists of 16 items which identify four different learning styles: Visual, auditory, reading/writing, and kinesthetic (VARK). Descriptive statistics were used to identify the learning styles of students. Analysis of Variance (ANOVA) was used to compare the academic performance (marks obtained in last professional examination) between students having different learning styles. Results: The response rate was 82.9%. The results showed that mean scores for VARK styles were 4.28 ± 0.09, 4.91 ± 0.08, 4.54 ± 0.07, and 4.75 ± 0.09, respectively. Only 164 (27.6%) students preferred a unimodal learning style, i.e., 38 (6.4%), 56 (9.4%), 20 (3.4%), and 50 (8.4%) preferred the VARK modes, respectively, whereas 72.4% of students preferred multiple learning styles. ANOVA showed there was no significant difference of academic performance among the students having different learning styles. Conclusions: Majority of students prefers multimodal learning styles and learning style preference is not associated with academic performance in medical students across Pakistan. The results of this study provide useful information for improving the quality of the medical teaching and learning experiences of medical students. However, further research is needed to explore the association among learning style preferences, learning strategies, and academic performance.
INTRODUCTION
Learning style has been defined as the characteristic cognitive, affective, social, and physiological behaviors that serve as relatively stable indicator of how learners perceive, interact with, and respond to the learning environment [1] . Different learners have different learning habits; if the method of information delivery conforms to their learning habit they learn better [2] . While disparity can result in failure, that's why there is a great deal of interest amongst educators in identifying preferable learning styles of their students [3] .
There are many methods available for assessing learning styles, with each method offering a distinctly different view of learning style preferences visual, auditory, reading/writing, or kinesthetic (VARK) learners [3] . VARK is one of these models, which is a perceptual, instructional preference model that categorizes learning by sensory preferences. The VARK inventory developed by Fleming (2005) provides metrics for each of four perceptual modes: Visual (V), aural (A), read/write (R), and kinesthetic (K). The instrument contains a total of 16 questions with multiplechoice responses, and participants can choose more than one answer for each question. Although learners are not restricted to only one of four modes, they may show a strong preference for one particular mode. An individual's preference may range from a single mode to all four modes [4] . Some students enjoy a combination of VARK activities. Some learners have a preference for any one of these learning modalities (unimodal learners), whereas multimodal learners do not have a strong preference for any single method [5, 6] .
Medical students are adult thus they have already developed their own learning style. Henceforth, it is essential for medical educators to "tailor instructions" in such a way that the medical Association of academic performance with learning style preference of medical students: Multi-center study from Pakistan students appreciate and follow it to learning [7] . Many types of research have been conducted to determine the correlation of learning style preferences with performance [8] . It has been repeatedly proved that the motivation and performance of the students are positively correlated with the instructions that are adapted to their predominant learning preferences [9] . The aim of this study is to assess learning preferences of medical students in Pakistan and apply it in educating them so they can learn better. Moreover, this study is conducted to ascertain any relation between academic performance and preferred learning style among undergraduate medical students in Pakistan.
PARTICIPANTS AND METHODS
It was a cross-sectional study conducted in six medical colleges in Pakistan namely Allama Iqbal Medical College Lahore, Amna Inayat Medical College Sheikhupura, Dow University of Health Sciences Karachi, King Edward Medical University Lahore, Quaid-e-Azam Medical College Bahawalpur, and Rawalpindi Medical College Rawalpindi. We randomly selected 120 undergraduate medical students from each college, however, ~100 students from each college returned completed questionnaires. Thus, the total sample size was 597.
The validated VARK questionnaire version 7.0 was administered after informed consent of the participants. The questionnaire consists of 16 items which identify four different learning styles: VARK. Descriptive statistics were used to identify the learning styles of students. Analysis of Variance (ANOVA) was used to compare the academic performance (marks obtained in last professional examination) among students having different learning styles.
RESULTS
Out of 720 students, who were administered the VARK questionnaire, 597 returned completed questionnaires. Thus, overall response rate was 82.9%. Mean scores for VARK styles were 4.28 ± 0.09, 4.91 ± 0.08, 4.54 ± 0.07, and 4.75 ± 0.09, respectively, as shown in Table 1 .
Only 164 (27.6%) students preferred a unimodal learning style, i.e., 38(6.4%), 56(9.4%), 20(3.4%), and 50(8.4%) preferred the VARK modes, respectively, as shown in Figure 1 .
Out of the total, 433 (72.4%) participants preferred multiple learning styles, i.e., bimodal, trimodal, and tetramodal learning styles. Frequency and percentage of each of these learning styles are shown in Table 2 .
ANOVA showed there was no significant difference of academic performance (P = 0.316) among the students having different learning styles as shown in Table 3 .
The effect of learning style on the academic performance was also analyzed by grouping unimodal (V, A, R, and K) and multimodal learning styles as shown in Table 4 . Independent samples t-test was applied which showed that there was no significance of the effect (P = 0.130).
DISCUSSION
There are large number of styles by which a person learns and these styles keep on changing, compounding, and evolving as the person keeps on learning [10] . As medical students have to learn a plethora of knowledge and do their best to absorb the complex human body's physiological as well as pathological mechanisms, so educators find it most prolific to study how medical students learn. A variety of factors can influence student's learning approaches. These factors are age, gender, intelligence, level of persistence, culture and creative thinking, and more [11] . Keeping these factors in mind, we studied four basic styles of learning that are VARK and investigated which style was used most by the medical students and were there any differences in the academic performance among the students using different learning styles. These learning modalities are selfexplanatory like in visual method student learn visually and in an aural by listening to the knowledge and information. In reading and writing modality students read and write to assimilate information as their primary way to learn. A kinesthetic learner uses all sensory ways to learn including somatosensory, auditory, and olfactory, gustative, and visual [12] . To see how students studying at major medical colleges in Pakistan using these modalities to develop learning style for them a validated and well-known VARK questionnaire version 7.0 was used. The purpose of this study was to segregate learning preferences of medical students and to use this data to see the most affective learning style in future studies to improve medical education Results of current study show that most of the students have been using multimodal learning styles which is simply because the human uses all of his modalities to learn and especially in medical education where students have to remember as well as conceptualize knowledge. He/she uses the multimodal method to absorb as much information as he/she can. Similar findings have also been reported by many investigators studying learning styles among medical students and other healthcare students around the globe in last many years [3, [13] [14] [15] [16] .
In the present study, only 27.6% (164 out of 597) students preferred a unimodal learning style. Among the single learning modalities, the majority of students preferred auditory learning style. This result is in consistence with the study conducted by Nuzhat et al. [17] who found out that 11.6% students preferred learning via auditory mode. However, in contrast to our results, a study carried out by Fleming [18] found read/write as preferred single learning modality in participants who completed VARK questionnaire online. Moreover, Dobson [19] found reading mode as preferred modality which is in contrast to our result.
In the present study, most of the medical students (433 out of 597-72.4%) preferred to learn using multiple learning styles, i.e., bimodal, trimodal, and tetramodal (all VARK) learning styles. These results are in accordance with the results found by the study conducted by Dobson [19] . In this study, only 22.3% students preferred tetramodal or all VARK modalities for learning.
Another important finding in this study is that there was no relationship between learning style preference and academic achievement. Only a handful of studies have focused on finding out the relation between academic performance and learning style trend using VARK questionnaire, and our results are consistent with these studies. There is no established trend regarding learning style preference and academic performance. Almigbal [20] conducted a study on 600 students in Saudi Arabia and concluded that there is no relation between Learning style preference and academic performance. Similarly, a study conducted in India [21] among undergraduate medical students found no statistical significant association between learning style preferences and academic performance. Similar results were found in two other studies concerning students in physiologic classes, which also report no association between learning style and course score [19, 22] .
By using this study and knowing in mind what is the most common method of learning used by the participants, we can embark further studies by incorporating the most common learning style in lectures and see what results it brings because there is one argument that students achieve higher scores at undergraduate level when lectures are made according to learning styles preferences [19, 23] . Contradictory to this point another view is also present in literature which says it might be more useful to teach primarily in mismatched way, meaning that student is not taught in his preferred learning style as Grasha says learning by student in his/her preferred style is interesting only for initial some time then student starts becoming bore of it and want some change so changing and mismatching might elicit his senses more and help him to learn more [24] .
There are several limitations to this study. The data was taken only from 6 medical colleges while there are 92 recognized medical colleges in Pakistan [25] . So, it might not be representing true medical students' population. Second, there might be many confounding factors like this data is gathered from five government-owned and one private medical colleges placed in different cities. There is large number of other public and private medical colleges in Pakistan which might be using innovative teaching technologies to mentor their students so in those colleges students might be using a better combination of audiovisual methods to learn. This study consisted of students in both pre-clinical and clinical years, and there may be the difference in learning style preferences in pre-clinical and clinical years. Moreover, the purpose of the VARK analysis is to recognize how students prefer to take in and give out information. Learning preferences do not take into consideration multiple confounding variables such as motivation or setting, which influence student learning. Finally, a cross-sectional study is not ideal for determining relationships among variables.
The study shows that majority of medical students in Pakistan prefer multimodal learning. Learning style preference was found not to be associated with academic performance in the study population. This observation may be due to the fact that in a medical school all students have same mental capabilities to reproduce information learnt, they may vary in the way they assimilate information but their reproduction capacity is somewhat comparable. Thus, learning style preference doesn't affect the academic performance of medical students in Pakistan. This evidence may be useful for refining the quality of teaching and may impact how educators deliver information to students in the future. However, more studies need to be conducted among medical students regarding their learning style preferences and the factors that can impact educational achievements, especially in our region, as there are few studies in this area. The study also highlights the need for devising teaching techniques according to preferred learning style and further studies to see any improvement in academic performance of students with the use of students preferred learning style as a teaching method.
